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AERODYNAMIC AND STABILITY GWLRACTERISTICS OF A PROPOSED 

HYPERSONIC GLIDER-BOOSTER COMBINATION AT MACH 

NUMBERS FROM 0.60 TO 3.52* 

By Norman J .  Martin, Jules B. Dods, Jr . , 
and Robert A. Taylor 

SUMMARY 

The invest igat ion w a s  conducted t o  determine t h e  s t a t i c  longi tudinal  and 
l a t e r a l  aerodynamic c h a r a c t e r i s t i c s  o f  a proposed hypersonic gl ider-booster  com- 
binat ion.  
all Mach numbers except 3.52; t h e  Reynolds number f o r  t h a t  Mach number w a s  
2.5X1O6 per f o o t .  
s i d e s l i p  var ied from -4' t o  +8O. 

This vehicle  was t e s t e d  at a Reynolds number of 3 .0X106 per f o o t  f o r  

The angle of a t tack  varied from -8' t o  +loo, and t h e  angle of 

The r e s u l t s  indicate  t h a t  f o r  a t y p i c a l  t r a j e c t o r y  t h e  complete vehic le  w a s  
longi tudinal ly  s t a b l e  throughout t h e  Mach number range investigated,  and w a s  
d i r e c t i o n a l l y  s t a b l e  up t o  a Mach number of 2.6 a t  0' and 5' angle of a t tack .  
Moderate d i r e c t i o n a l  i n s t a b i l i t y  occurred i n  t h e  Mach number range from 2.6 t o  
3.5. 
t o  a Mach number of 2.2. 
at tack,  but an unstable e f f e c t  at zero and negative angles of a t t a c k  throughout 
t h e  Mach number range. The dihedral  e f f e c t  a t  0' angle of a t t a c k  became s t a b l e  
when t h e  def lec t ion  of t h e  g l i d e r  elevons was reduced from -10' t o  0'. 
t i a l  def lec t ion  of t h e  elevons w a s  re la t ive ly  inef fec t ive  i n  providing roll con- 
t r o l  of t h e  vehic le .  

A t  an angle of a t t a c k  of - 5 O ,  di rec t iona l  s t a b i l i t y  w a s  maintained only up 
The vehicle  had a s t a b l e  dihedral  e f f e c t  a t  5' angle of 

Differen- 

Adding a s k i r t  extension t o  t h e  base of t h e  booster provided moderate 
increases i n  both t h e  longi tudinal  and l a t e r a l  s t a b i l i t y .  Blast-vent openings 
located near t h e  engines of t h e  second stage of t h e  booster had a negl igible  
e f fec t  upon t h e  aerodynamic c h a r a c t e r i s t i c s .  

IBTRODUCTION 

A continuing e f f o r t  i s  being made t o  evaluate t h e  aerodynamic charac te r i s -  
t i c s  of hypersonic g l i d e r  and booster combinations. 
i n  reference 1, f o r  t h e  t ransonic  speed range, for a proposed g l i d e r  with several  
booster Combinations. The present investigation, which w a s  conducted i n  t h e  Ames 
11- by 11-foot, 9- by 7-foot, and 8- by 7-fOOt wind tunnels,  provides da ta  on a 
l a t e r  vers ion of t h e  complete vehicle  a t  Mach numbers from 0.60 t o  3.52. 
addi t ion t o  t h e  determination of the  basic  s t a b i l i t y  and aerodynamic charac te r i s -  
t i c s ,  the  secondary purposes of t h e  invest igat ion were t o  determine t h e  e f f e c t s  
of adding a s k i r t  extension t o  t h e  base of the booster, the  e f f e c t  of b l a s t  vent 

Results have been presented 
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openings near the engines of the second stage of the booster, the effectiveness 
of the glider elevons, and the effect of changes in the incidence of the glider. 

NOTATION 

A 

b 

bf 

C 

Cf 

- 
C 

- 
CC I 

c.g. 

CA 

cHf 

aspect ratio of glider wing 

span of glider 

span of booster fins 

chord of the glider wing 

chord of the booster fins 

mean aerodynamic chord of the glider wing 

mean aerodynamic chord of the booster fins 

center of gravity of complete vehicle 

forebody axial force coefficient, ( total axial force) - (base axial force) 
qoos 

fin hinge moment fin hinge-moment coefficient, 
S,SfTf 

rolling moment rolling-moment coefficient, 
qooSb c2 

rate of change of rolling-moment coefficient with angle of sideslip 
ac 2 measured through P = Oo, -, per deg 

2P 

a P  
root bending moment fin root-bending-moment coefficient, 

c2f gwSfbf 

'm 
pitching moment pitching -moment coefficient , 

qwsz 
pitching-moment coefficient at zero normal force 

rate of change of pitching moment with angle of elevon deflection, 
cmO 

a cm -, per deg 
a'e 

yawing moment yawing-moment coefficient, 
q,Sb c, 
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r a t e  of change of yawing-moment coeff ic ient  with angle of s i d e s l i p  
&l 

bP 
measured through P = Oo, -, per deg 

normal force normal-force coeff ic ient ,  
goos 

r a t e  of change of normal-force coeff ic ient  with angle of a t t a c k  measured 
a C N  through a = 'oo, -, per deg ha 

f i n  normal f o r c e  f i n  normal-force coeff ic ient ,  
g,oSf 

s ide  force  side-force coeff ic ient ,  
~ O o S  

r a t e  of change of side-force coeff ic ient  with angle of s i d e s l i p  
acY 
aP measured through P = Oo, -, per deg 

spanwise dis tance t o  f i n  mean aerodynamic chord, i n .  

incidence of g l i d e r  (wing lower surface) with respect  t o  t h e  booster 

vehicle  length from model s t a t i o n  5.219 t o  62.797 (57.578 i n . )  
free-stream Mach number 

free-stream dynamic pressure 

center  l ine ,  deg 

g l i d e r  w i n g  area, f t 2  

elevon area of g l i d e r  wing ( t o t a l )  f t z  

v e r t i c a l  f i n  area of g l i d e r  ( t o t a l ) ,  ft2 

booster f i n  area (each f i n ) ,  f t2 

thickness,  i n .  

angle of a t tack,  deg ( r e f e r r e d  t o  booster center  l i n e )  

angle of s i d e s l i p  ( r e f e r r e d  t o  booster cen ter  l i n e ) ,  deg 

elevon def lect ion,  deg 

nominal horizontal  f i n  def lect ions 
(See t a b l e  I11 f o r  measured f i n  def lect ions.)  

nominal v e r t i c a l  f i n  def lect ions 
(See t a b l e  I11 f o r  measured f i n  def lect ions.  ) 
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E downwash angle, deg 

A angle of sweepback of leading edge of g l ider ,  deg 

Subscripts 

r roo t  

t t i p  

R r ight  

L l e f t  

APPARATUS AND MODEL 

The t e s t s  were conducted i n  t h e  11- by 11-foot, 9- by 7-foot, and t h e  8- by 
7-foot wind tunnels,  which a r e  c losed-circui t ,  variable-pressure type tunnels,  
and which have Mach number ranges from 0.60 t o  1.40, 1.55 t o  2.51, and 2.48 t o  
3.52, respectively.  

The basic model configuration ( f i g .  1) was a 0.04-scale hypersonic g l i d e r  
mounted on a finned two-stage booster, with blast-vent openings near t h e  engines 
of t h e  second s tage.  The aspect r a t i o s  of t h e  v e r t i c a l  and horizontal  f i n s  of 
t h e  booster were 2.0 and 3.0, respect ively.  Modifications t o  t h e  model consisted 
of adding a s k i r t  extension t o  t h e  base of t h e  booster, closing t h e  b l a s t  vents, 
changing the basic g l i d e r  elevon def lect ion,  changing t h e  incidence of t h e  glider, 
a r i d  increasing t h e  aspect r a t i o  of t h e  v e r t i c a l  f i n  from 2.0 t o  3 .O.  The geome- 
t r i c  charac te r i s t ics  of t h e  model and booster f i n  a r e  given i n  t a b l e s  I and 11. 

The model w a s  s t i n g  mounted on a ;-component, 2-inch-diameter, strain-gage 
balance. Forces and moments were also measured on t h e  l e f t  horizontal  booster 
f i n  and on t h e  upper v e r t i c a l  booster f i n  (aspect  r a t i o  3 only) by t h e  use of 
s t r a i n  gages mounted on t h e  root  of t h e  f i n .  A t y p i c a l  i n s t a l l a t i o n  of t h e  model 
i n  one o f t h e  wind tunnels ( 9  by 7 f o o t )  i s  shown i n  f i g u r e  2 .  

TEST PROCEDURE 

The wind-tunnel tes ts  were made throughout t h e  Mach number gange f o r  angles 
of a t tack  from -8O t o  +loo and angles of s i d e s l i p  from -4' t o  +8 . 
Reynolds number of 3.0X106 per foot  w a s  maintained up t o  a Mach number of 3.03. 
The Reynolds number f o r  
power l imi ta t ions .  

A constant 

M, = 3.52 was reduced t o  2.5X1O6 per  foot  because of 

The complete vehicle  w a s  t e s t e d  with t h e  elevons def lected t o  -loo, Oo, and 
d i f f e r e n t i a l l y  with the  r i g h t  elevon def lected 20' and t h e  l e f t  elevon def lected 
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-2OO. Incidence w a s  changed by r o t a t i n g  t h e  g l ider  s o  t h a t  t h e  lower surface of 
t h e  g l i d e r  wing w a s  at an angle of -1' and +3' with respect t o  t h e  booster center 
l i n e .  
dence of t h e  g l i d e r  w a s  1'. 

Unless s p e c i f i c a l l y  noted, t h e  elevon def lect ion w a s  -10' and t h e  i n c i -  

A l l  t e s t s  were made with f ixed  t r a n s i t i o n  on t h e  g l i d e r  wings, v e r t i c a l  fins, 
and nose, af t  of t h e  p i l o t  canopy, and on the  v e r t i c a l  and horizontal  booster 
f i n s .  The method of f i x i n g  t r a n s i t i o n  conformed t o  t h e  procedures found by pre- 
vious experience i n  t h e  individual  wind tunnels t o  be t h e  most s a t i s f a c t o r y .  For 
t h e  11- by 11-foot wind tunnel, number 80 carborundum gra ins  were s e t  i n  adhesive 
bands 0.25 inch wide a t  each locat ion.  For both of the  supersonic t e s t  sect ions 
s m a l l  t r i a n g l e s  of tape,  approximately 0.10 inch on a side,  were used. These 
t r i a n g l e s  were 0.014 inch th ick  f o r  t e s t s  i n  the 9- by 7-foot wind tunnel  and 
0.035 inch t h i c k  f o r  t e s t s  i n  t h e  8- by 7-foot wind tunnel.  

MEASURFMEXTS AND ACCURfiCY 

The aerodynamic force and moment coeff ic ients  f o r  t h e  complete vehicle  were 
based upon t h e  g l i d e r  wing dimensions and were re fer red  t o  t h e  body-axes system. 
The pitching moments were re fer red  t o  model s ta t ion  45:932 ( see  f i g .  1). 
angles of a t t a c k  and s i d e s l i p  of t h e  vehicle  were re fer red  t o  t h e  booster center  
l i n e .  The force  and moment coef f ic ien ts  of the booster f i n s  were based on the  
individual  f i n  dimensions. 
l i n e  (M.S. 61.052), and the  root  bending moments were taken about t h e  f i n  root  
chord. The axial-force coeff ic ient  has been adjusted f o r  t h e  difference between 
t h e  booster base pressure and free-stream s t a t i c  pressure, and t h e  angles of 
a t tack  and s i d e s l i p  have been corrected f o r  s t ing def lec t ion  and air-stream 
inc l ina t ion .  
Reynolds numbers indicated t h a t  there  were no s i g n i f i c a n t  Reynolds number e f f e c t s .  

The 

The f in  hinge moments were taken about t h e  f i n  center 

A comparison of t h e  da ta  a t  several  Mach numbers over a range of 

The estimated precision of t h e  data i s  as follows: 

CN = k0.05 

c, = k0.02 

CA = k0.02 

c 2  = 50.005 

u = k0.20 

p = k0.20 

cy = 50.02 M, = k0.02 

The values of t h e  nominal and the  measured angles of f i n  def lect ion a r e  
given i n  t a b l e  111. 
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RESULTS AND DISCUSSION 

The basic longi tudina l  and lateral  aerodynamic cha rac t e r i s t i c s  of t h e  
vehic le  with and without booster f i n s  a r e  presented i n  f igu res  3 and 4, respec- 
t i v e l y .  The va r i a t ions  of t h e  fo rce  and s t a b i l i t y  parameters derived from these  
f igu res  as a funct ion of t h e  Mach number are summarized i n  f igu re  5. The e f f e c t  
of t h e  base-skirt  extension i s  shown i n  f igu re  6. 
openings i s  shown i n  f igu res  7 and 8. 
a re  summarized i n  f igu re  9.  Figure 10 i l l u s t r a t e s  t h e  e f f e c t  of g l i d e r  incidence 
upon t h e  pitching moment a t  zero normal fo rce .  
shown i n  f igure  11. 
horizontal  booster f i n  and f igu re  13 presents  t h e  aerodynamic coe f f i c i en t s  of t h e  
aspect r a t i o  3 upper v e r t i c a l  f i n .  The centers  of pressure f o r  these  f i n s  are 
given i n  f igures  1 4  and 15. 

The e f f e c t  of blast-vent  
The e f f e c t s  of g l i d e r  elevon def lec t ion  

The downwash cha rac t e r i s t i c s  are 
Figure 12 presents  t h e  aerodynamic coe f f i c i en t s  of t h e  l e f t  

Longitudinal and Latera l  Aerodynamic Charac te r i s t ics  

Character is t ics  of t h e  basic  configuration.-  The basic  longi tudina l  and l a t -  
eral  s t a b i l i t y  da ta  presented i n  f igu res  3 and 4, and summarized i n  f igu re  5, a r e  
f o r  t h e  pitching- and yawing-moment coe f f i c i en t s  r e fe r r ed  t o  a point  at 70.7 per-  
cent of the vehicle  length (M.S. 45.932). 
longi tudinal  and lateral  center-of-pressure pos i t ions  i n  terms of t h e  vehic le  
length, 2, as a funct ion of t h e  Mach number. 
of t h e  vehicle,  these  center-of-pressure pos i t ions  a r e  compared t o  t h e  center-of- 
grav i ty  posit ions f o r  a t y p i c a l  t r a j e c t o r y  i n  f igu res  5 ( f )  and (g )  . 

These da ta  were used t o  ca lcu la te  t h e  

I n  order t o  evaluate t h e  s t a b i l i t y  

Figure 5(g)  shows t h a t  t h e  vehicle  had a pos i t i ve  longi tudina l  s t a b i l i t y  
margin throughout t h e  Mach number range invest igated,  but t h e  amount of t h e  mar- 
g i n  was reduced with increasing Mach number. The s t a b i l i t y  margin w a s  a l s o  
reduced in  t h e  subsonic and low supersonic Mach number range by increasing t h e  
angle of s ides l ip .  This e f f e c t  i s  not s ign i f i can t ,  however, because the  s t a b i l -  
i t y  margin for t h e  assumed t r a j e c t o r y  i s  r e l a t i v e l y  l a rge  i n  these  regions.  A t  
t h e  higher Mach numbers the re  w a s  no e f f e c t  due t o  s i d e s l i p .  

A s  shown i n  f igu res  5(a) and ( b )  t h e  axial-force coe f f i c i en t  and t h e  normal- 
fo rce  curve slope were in sens i t i ve  t o  changes i n  t h e  angle of s i d e s l i p  throughout 
t he  Mach number range. 

A s  shown i n  f igu re  5( f ) ,  a pos i t ive  d i r e c t i o n a l  s t a b i l i t y  margin w a s  main- 
t a ined  up t o  a Mach number of about 2.6 f o r  t h e  vehic le  at 0' and 5' angle of 
a t tack,  with moderate i n s t a b i l i t y  occurring i n  t h e  Mach number range from 2.6 t o  
3.5. 
only up t o  a Mach number of 2.2. 

A t  an angle of a t t ack  of -5O, however, d i r e c t i o n a l  s t a b i l i t y  w a s  maintained 

The vehicle had a s t a b l e  d ihedra l  e f f e c t  a t  an angle of a t t ack  of 5', but it 
w a s  unstable at 0' and -5' ( f i g .  5 ( e ) ) .  

Effect of base-skir t  extension.- The base-skirt, extension ( see  f i g .  1) w a s  
added t o  the booster t o  compensate f o r  t h e  extension of t h e  f i n s  beyond t h e  base. 
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It w a s  reasoned t h a t  t h e  addi t ion of t h i s  cy l indr ica l  s t ruc tu re  would provide an 
end p l a t e  f o r  each f i n ,  thereby increasing t h e i r  effect iveness .  
f i gu re  6( b) ,  t h i s  modification does provide an increased longi tudina l  s t a b i l i t y  
margin i n  t h e  low supersonic Mach number range ( t h e  center  of pressure w a s  d is-  
placed rearward by about 3 percent a t  a Mach number of l . 3 ) ,  but t h e  increased 
s t a b i l i t y  e f f e c t  decreases a t  t h e  higher Mach numbers. 

As  shown i n  

The l a t e r a l  s t ab i l i t y  margin w a s  a l s o  increased as shown i n  f igu re  6 (a ) .  
For Mach numbers g rea t e r  than about 1.3, t h e  l a t e r a l  center  of pressure was 
s h i f t e d  rearward about 2 percent.  

Ef fec t  of b l a s t  vents . -  No appreciable effect  on t h e  longi tudina l  or t h e  la t -  
eral aerodynamic cha rac t e r i s t i c s  w a s  measured through t h e  Mach number range from 
0.60 t o  2.51. 
t e s t s  were made a r e  presented i n  f igu res  7 and 8. 

Typical da ta  f o r  t h e  extremes of t h e  Mach number range f o r  which 

Effect  of elevon def lec t ion . -  A l imi ted  amount of da t a  w a s  obtained t o  
inves t iga te  t h e  effect iveness  of t h e  elevons on t h e  g l i d e r  wing i n  providing 
pi tching-  and rolling-moment cont ro l  of t h e  complete vehic le .  
g (a ) ,  changing t h e  elevon def lec t ion  from t h e  basic -10' t o  0' def lec t ion  caused 
a s t ab le  d ihedra l  e f f e c t .  D i f f e ren t i a l  def lect ion of t h e  elevons w a s  r e l a t i v e l y  
ine f f ec t ive  i n  providing rolling-moment control.  The pitching-moment e f f ec t ive -  
ness parameter, 
def lect ion,  decreased rap id ly  with increasing Mach number ( f i g  . 9( b )  ) . 

A s  shown i n  f i g u r e  

which w a s  evaluated using t h e  data f o r  Oo and -10' elevon 
9 

Effect  of g l i d e r  incidence.- The e f f e c t s  of g l i d e r  incidence on t h e  pi tching-  
moment coe f f i c i en t  a t  zero normal-force coeff ic ient ,  %, are shown i n  f igu res  
10( a)  and ( b )  . C&, = 0 i n  
t h e  low supersonic Mach number range (1.3 t o  1.3) f o r  t h e  r i g i d  vehicle,  while 
values of about 2.9' a r e  required f o r  e i t h e r  subsonic or higher supersonic Mach 
numbers. ( A  r i g i d  vehicle  i s  spec i f ied  because t h e  choice of t h e  g l i d e r  i n c i -  
dence would a l so  depend upon aeroe las t ic ,  and possibly, thermoelast ic  e f f e c t s  .) 

A g l i d e r  incidence of about 1.80 i s  required f o r  a 

Downwash e f f e c t s . -  The downwash charac te r i s t ics  throughout t h e  Mach number 
range t e s t e d  a r e  shown i n  f igu res  l l ( a )  through ( k )  . 
evaluated from t h e  equation 

The downwash angle w a s  

where A h  i s  t h e  incremental pi tching moment due t o  t h e  e f f e c t i v e  downwash at 

t h e  t a i l ,  and i s  t h e  f in-effect iveness  parameter. To evaluate t h e  

increment A& 
compared with those  produced by incremental f i n  def lec t ions .  
obtained by t h i s  procedure i s  termed an ef fec t ive  angle s ince some secondary 
in te r fe rence  e f f e c t s  on t h e  t a i l  a r e  not accounted f o r .  

t h e  pitching-moment coeff ic ients  with t h e  t a i l  on and off were 
The downwash angle 
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The ra te  of change of downwash angle with angle of a t tack,  dc/da, w a s  nega- 
t i v e  (decreasing downwash with increasing angle of a t t a c k )  throughout t h e  Mach 
number range, and, above a Mach number of 1.3, dc/da 
negative.  I n  t h e  subsonic and t ransonic  range, however, r a t h e r  la rge  and e r r a t i c  
var ia t ions  of d€/da with Mach number were observed. 

became progressively more 

Aerodynamic Character is t ics  of t h e  Booster Fins  

Horizontal f i n s . -  The normal-force, hinge-moment, and root-bending-moment 
coeff ic ients  of t h e  l e f t  horizontal  booster f i n  f o r  various Mach numbers a r e  pre- 
sented i n  f igure  12. These data  have been used t o  compute t h e  chordwise and span- 
wise center-of-pressure posi t ions a t  0' angle of a t tack .  The r e s u l t s ,  summarized 
i n  f i g u r e  14, show t h e  s h i f t  i n  t h e  center  of pressure with Mach number and with 
angle of s ides l ip .  I n  general, t h e  center  of pressure s h i f t e d  rearward by about 
25-percent Ff between t h e  subsonic and supersonic Mach numbers, regardless  of 
t h e  angle of s i d e s l i p .  
wise center of pressure outboard by between 5-  and 14-percent bf from subsonic 
t o  low supersonic Mach numbers (1.55) and from 3 t o  21  percent i n  t h e  Mach num- 
ber range from 2 t o  3 .5 .  The v a r i a t i o n  of these  spanwise s h i f t s  due t o  s i d e s l i p  
was not a l i n e a r  function of t h e  Mach number, however, and would be d i f f i c u l t  t o  
predict  analyt ical ly  . 

The e f f e c t  of 6' angle of s i d e s l i p  w a s  t o  s h i f t  t h e  span- 

As mentioned previously, t h e  e f f e c t  of b l a s t  vents upon t h e  longi tudinal  and 
l a t e r a l  aerodynamic c h a r a c t e r i s t i c s  of t h e  vehicle  w a s  negl igible .  Similarly,  
t h e  f i n  aerodynamic c h a r a c t e r i s t i c s  were not a f fec ted  by t h e  b las t  vent openings. 
The substantiating data, which were obtained only up t o  a Mach number of 2.5, 
have been omitted from f igure  12  i n  the  i n t e r e s t s  of c l a r i t y .  

Vert ical  f i n s . -  As  shown i n  f i g u r e  l ( c ) ,  t h e  aspect r a t i o  of t h e  v e r t i c a l  
f i n s  w a s  2.0 f o r  t h e  basic configuration. Although no in id iv idua l  forces and 
moments were measured upon these f i n s  because they  were not instrumented, a l i m -  
i t e d  t e s t  program w a s  conducted with an instrumented upper v e r t i c a l  f i n  of aspect 
r a t i o  3.0.  The t e s t  r e s u l t s  a re  presented i n  f i g u r e  13, and t h e  center-of- 
pressure locations computed f r o m t h e s e  data  f o r  t h e  intermediate Mach number 
range a re  presented i n  f igure  15. 

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field,  C a l i f  ., Nov. 12, 1963 
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TABLE I.- MODEL GEOMETFXC CHAFACTERISTICS 

~~ 

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.2 

b. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.839 

. .. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.820 .. f t 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.346 

se. f t 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.076 

0.099 

A. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  73.0 

sv. f t 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Area of g l i d e r  base. f t 2  . . . . . . . . . . . . . . . . . . . . . . . .  0.039 

- 
Distance of g l i d e r  nose (ac tua l )  t o  beginning .. f t  . . . . . . . . . .  0.430 

Distance of g l ide r  center l i n e  t o  F. f t  . . . . . . . . . . . . . . . .  0.149 

. Glider c.g., percent . . . . . . . . . . . . . . . . . . . . . . . . . .  4/5-0 

Area of booster base. f t 2  . . . . . . . . . . . . . . . . . . . . . . . .  0.126 

Diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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eft, i n .  

cfr9 i n .  

bf,  i n .  

d, i n .  

tt, i n .  

t,, i n .  

TABLE 11.- BOOSTER FIN GEOMETRY 

Normal configuration 

A=2 v e r t i c a l  

o .382 
.060 

.500 

.136 

2 440 

5.880 

4.440 

2.468 

,176 

0356 

A=3 hor izonta l  

0.488 

.060 

.500 

*332 

3 -764 

7.527 

8.468 

3.764 

.226 

.452 

Alternate  

A=3 v e r t i c a l  

TABLE 111.- NOM!XAL AND MEASURED FIN DEFLECTIONS 

%I, Right f i n ,  
deg deg 

-6 -6.01 
-2 -1.90 
0 03 
1 1.05 
4 4.11 
6 6.03 

s v 9  Upper fin, 
deg deg 

-1 .oo -; I 1:;; - 

4.01 

0.312 

.060 

.500 

.136 

2 .409 

4.818 

5.420 

2.409 

.145 

.289 

Left  f i n ,  

-5.91 
-1.96 

1.13 

6.16 
4.03 

Lower f i n ,  

-1.02 

2.04 
4.01 
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See table I1 f o r  physical  dimensions 

( c )  Booster f i n  geometry. 
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(a) Glider wing profile showing reference f o r  elevon def lect ion.  

Figure 1. - Concluded. 
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B I dag 

(a) M, = 0.60 
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. I  

0 C" 
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3 

Figure 4.- The lateral aerodynamic characteristics of the vehicle at 
several free -stream Mach numbers. 
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8 ,  dog 

(b) M, = 0.80 

Figure 4. - Continued. 
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( e )  M, = 0 . 9  

Figure 4.- Continued. 
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8 ,  de9 

(a) M, = 1.00 

Figure 4. - Continued. 
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(e )  M, = 1.10 

Figure 4. - Continued. 
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(f) M, = 1.30 

Figure 4. - Continued. 
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B ,dag 

(g) M, = 1.40 

Figure 4.- Continued. 
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B, dag 

(h) M, = 1.55 

Figure 4. - Continued. 
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(i) M, = 2.01 

Figure 4.- Continued. 
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(j) M, = 2.48 

Figure 4. - Continued. 
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(k) M, = 2.51 

Figure 4. - Continued. 
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Figure 4.- Continued. 
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B , deg 

b> M, = 3.52 

Figure 4.- Concluded. 



(a>  C A  vs. MOO a t  a = 0 0  

Figure 5.- The variation w i t h  Mach number of several aerodynamic 
coefficients of the  vehicle. 
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Figure 5.- Continued. 
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( f )  Lateral  center  of pressure and center  of grav i ty  vs. &, 

Figure 5. - Continued. 
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( g )  Longitudinal center of pressure and center of gravity vs. M,. 

Figure 5. - Concluded. 
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0 (a) Lateral center of pressure at a = o . 

( b )  Longitudinal center of pressure at P = 0'. 

Figure 6.- Effect of base skirt extension on the center of pressure as a 
function of Mach number. 
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8 ,  de9 
(a) M, = 0.60 

Figure 8.- Effec t  of b l a s t  vent openings on t h e  lateral  aerodynamic 
charac te r i s t ics  of t h e  vehicle  a t  a, = 0' 
Mach numbers. 
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(b) M, = 2.51 

Figure 8 .  - Concluded. 
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( a )  Dihedral e f fec t .  
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‘mge 

.02 

0 
.4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 

M, 

(b) Pitching-moment effectiveness. 

Figure 9.- Effect of elevon deflection on the  aerodynamic character is t ics  
of the vehicle a t  0’ angle of a t tack.  
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( a )  Cmo vs.  ig 

Figure 10.- m f e c t  of glider-wing incidence on the  pitching moment a t  
zero normal force of the vehicle a t  P = 0'. 
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Figure 11.- Downwash characteristics of the vehicle at = 0' for 
several free-stream Mach numbers. 
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54 



Cm 

1.2 

1.0 

.8 

.6 

.4 

.2 

0 

- .2 

-.4 

-.6 

-.8 

-1.0 

2 

E O  

-2 

-8 -6 -4 -2 0 2 4 6 8 10 

a, deg 

(a)  Mm = 1.00 

Figure 11.- Continued. 
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Figure 12.- Aerodynamic coefficients of the left horizontal booster fin 
at f3 = Oo for several free-stream Mach numbers. 
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vertical fin at a! = 0' for several free-stream Mach numbers. 
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Figure 14.-  Location of center  of pressure on the l e f t  hor izonta l  
booster  f i n  a t  a = 0' f o r  several free-stream Mach numbers and 
angles of s i d e s l i p .  



Percent 
b f 

0 



Per 
b 

ce 
f 

.t 

60 

50 

40 

30 

20 

10 

0 
0 10 20 30 40 

Percent E, 
3 

( c )  @ = 6" 

Figure 14. - Concluded. 



Percent 
bf 

Per c ent  F. f 
3 

Figure 15.- Location of t he  center  of pressure on the  aspect-ratio-3 
upper v e r t i c a l  booster f i n  a t  
stream Mach numbers. 
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